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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a ferritic steel sheet, which will be referred to as a steel sheet or a thin steel 
sheet hereinafter, used for making parts for automobile use, the shape fixability in bending of which is excellent due to 
the development of the {100} texture. Also, the present invention relates to a method for producing the ferritic steel 
sheet. 

10 DESCRIPTION OF THE PRIOR ART 

[0002] In order to reduce the quantity of carbonic acid gas discharged from automobiles, studies to decrease the 
weight of an automobile, by using high-strength steel sheets for automobile bodies, have continued. Further, in order to 
ensure the safety of passengers in the automobiles, not only mild steel sheets but also high-strength steel sheets are 

is used in an automobile body. In order to further decrease the weight of an automobile body, there is an increasing 
demand for enhancing the strength of the high-strength steel sheets to be used for automobile bodies. However, when 
high-strength steel sheets are subjected to bending, a shape formed by a die in bending tends to return to its initial 
shape departing from the shape of the die because of the high-strength of the steel sheets. This phenomenon, in which 
the shape formed by the die in the bending returns to its initial shape, is referred to as spring-back. When this phenom- 

20 enon of spring-back occurs, it is impossible to obtain a target shape of the part. 

[0003] For the above reasons, when the conventional automobile bodies are made, only the high-strength steel 
sheets, the strength of which is not more than 440 MPa, have been used. Although it is necessary to decrease the 
weight of the automobile bodies by using the high-strength steel sheet, the strength of which is not less than 490 MPa, 
it is impossible to obtain high-strength steel sheets having excellent shape fixability, that is, it is impossible to obtain 

25 high-strength steel sheets on which the phenomenon of spring-back does not occur. Of course, enhancing the shape 
fixability. by which the shape can be kept after the completion of bending, of high-strength steel sheets and mild steel 
sheets, the strength of which is not more than 440 MPa, is very important for enhancing the shape accuracy of products 
such as automobile bodies and electric appliance bodies. 

[0004] In JP-A-1 0-72644, there is disclosed a cold-rolled austenitic stainless steel sheet, the quantity of spring- 
30 back of which is small, characterized in that the integrated intensity of the {200} texture on a face parallel with a rolling 
face is not less than 1 .5. 

[0005] This cold-rolled austenitic stainless steel sheet is produced as follows. There is provided a continuous-cast 
slab, an equiaxed crystal ratio of which is not less than 30%, containing: 0.01 to 0.1 wt% of C, 0.05 to 3.0 wt% of Si. 
0.05 to 2.0 wt% of Mn, not more than 0.04 wt% of P, not more than 0.03 wt% of S, not more than 0.1 wt% of Al, 15 to 

35 25 wt% of Cr, 5 to 15 wt% of Ni, 0.005 to 0.3 wt% of N. not more than 0.007 wt% of O, the balance being Fe and inev- 
itable impurities, or alternatively there is provided a continuous-cast slab, an equiaxed crystal ratio of which is not less 
than 30%. containing: 0.01 to 0.1 wt% of C. 0.05 to 3.0 wt% of Si, 0.05 to 2.0 wt% of Mn, not more than 0.04 wt% of ,P, 
not more than 0.03 wl% of S, not more than 0. 1 wt% of Al. 1 5 to 25 wt% of Cr, 5 to 1 5 wt% of Ni, 0.005 to 0.3 wt% of 
N, not more than 0.007 wt% of O, optionally containing one of or at least two of: 0.05 to 5.0 wt% of Cu, 0.05 to 5.0 wt% 

40 of Co, 0.05 to 5.0 wt% of Mo, 0.05 to 5.0 wt% of W, 0.01 to 0.5 wt% of Ti. 0.01 to 0.5 wt% of Nb, 0.01 to 0.5 wt% of V, 
0.01 to 0.5 wt% of Zr, 0.001 to 0.1 wt% of REM, 0.001 to 0.5 wt% of Y, 0.0003 to 0.01 wt% of B, and 0.0003 to 0.01 wt% 
of Ca, the balance being Fe and inevitable impurities. This^continuous-cast slab is heated, rough-hot-rolled, finish-hot- 
rolled in which the finish rolling temperature at the final rolling pass is not less than 1050°C and the rolling reduction is 
not less than 1 5%, annealed appropriately so that the hot-rolled steel sheets can be annealed, and then cold-rolled and 

45 annealed so that the cold-rolled steer sheets can be subjected to finish annealing. Due to the foregoing, the cold-rolled 
austenitic stainless steel sheet is produced without an increase in the crystal grain size. 

[0006] However, the above cold-rolled austenitic stainless steel sheet is not used for parts of an automobile but 
used for a bath tubs, pans, tableware and sinks formed by press forming. Further, in the above patent publication of JP- 
A-1 0-72644, there are no descriptions about the decrease in a quantity of spring-back of the ferritic steel sheet. 

50 « 

SUMMARY OF THE INVENTION 


[0007] Under the present conditions, when mild steel sheets and high-strength steel sheets are subjected to bend- 
ing, a large quantity of spring-back is caused, depending upon the strength of the steel sheets, so that the shape fixa- 
55 bility of the thus formed parts is deteriorated. The present invention has been accomplished to solve the above 
problems advantageously. It is an object of the present invention to provide a thin ferritic steel sheet, the shape fixability 
of which is excellent, and also it is an object of the present invention to provide a method of producing the thin ferritic 
steel sheet. 
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[0008] ■ ■■! According to conventional knowledge, decreasing the yield point of a steel sheet is most important to sup- 
press the occurrence of spring-back on the steel sheet. In order to use a steel sheet having a low yield point, a steel 
sheet having a low tensile strength must.be used - However, the above countermeasure is not sufficient for enhancing 
the bending formability of the steel sheet and suppressing the quantity of spring-back. 

5 [0009] v ' - In order to enhance the bending formability so that the problem of the occurrence of spring-back can be fun- 
damentally solved, the present inventors paid attention to a phenomenon in which the texture of a steel sheet has influ- 
ence on the bending formability, and made investigation into the action and effect in detail. The present inventors tried 
to find an appropriate material index which corresponds to the bending formability of a steel sheet As a result of the 
investigation, the present inventors made the following clear. When a ratio of a {100} plane, which is parallel with a sheet 

10 face, to a {111} plane is not less than 1.0 in the texture of a steel sheet, the bending formability of the steel sheet can 
be improved. ; . ,«j -j ^ . ■ » :-::r\j<-?V : -- .c i r.< . ■; 

[001 0]i r ; In this connection, it can be assumed that.a quantity of presence of the crystal plane parallel with the surface 
of a thin steel sheet is proportional to a quantity of diffraction of X-ray. Therefore, the quantity of presence of the crystal 
plane parallel with the surface of a thin steel sheet is found by measuring the X-ray diffraction intensities of the {200} 

75 and the {222} plane. Accordingly, the Xrray diffraction intensity on a {200} plane and that on a {222} plane respectively 
correspond to the quantity of presence of {1 00} planes and that of {1 1 1 } planes. Of course, it is possible to say that the 
ratio of X-ray diffraction intensity. {200}/{222}, is equal to the ratio of X-ray diffraction intensity, {100}/{1 1 1 }, both the {1 00} 
plane and the {111} plane of which exist as crystal planes. ! ; ; ; .. : . ■■ . 

[0011] ; wThe present invention has been accomplished on the basis of the above knowledge. The thin ferritic steel 

20 sheet of the.present invention is summarized as described in the following items (1) to (10). . v ,./ 

(.1) A thin r ferritic steel sheet having an excellent shape fixability characterized:in that a ratio of presence of {100} 
planes parallel with a sheet surface to {111} planes is not less than 1.0. .a > v.: -■«.;-.. < 3j: ■'; * 

(2) : A thin ferritic: steel sheet having:an excellent shape fixability, comprising 0.0001. to 0.05 mass% of C; 0.01. to 
25 1.0 mass% of Si,:b:01 to 2:0.mass% of Mn,.not more than 0.15 mass% of R not more than 0.03.mass% of S,:0.01 

to 0.1 mass% of A!, not more than 0.01 mass% of N, not more than 0.007 mass% of O, the balance being Fe and 

inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet surface to {1 11} planes is not 
less than 1.0. 

(3) A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C, 0.01;td 
30 1.0 mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 

to 0.1 mass% of Al. not more than 0.01 c mass% of N, not more than 0.007 mass% of O; further containing one of 
or at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb and not more than 0.005 mass% 
of B, the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a 
sheet surface to {111} planes is. not less than: 1.0. ^ > : ■ ■ -.vi ;. . vi* ;^r : 

35 (4) AjhimferrrtiC'Steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C; 0.01 to 
1.0 mass% of Si, O.O.I to 2.0 rnass%:of,Mn; hot more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 
to 0.1 mass% of,Ali*not more- than 0.01 !mass% of N, not more than 0.007 mass% of O, further containing one of 
or at [east two of not more than > ? 0 ,mass% of Mp, not more than 2.0 mass% of Cu and not more than 1 .0 ,mass% 
ofNi, the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a 

40 sheet surface to_{.1.11} planes is not less than 1.0.. : > .* 

(5) A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C; 0.01 to 
1.0 mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 
to 0.1 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of 
or at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb and not more than 0.005 mass% 

45 of B, furthermore containing one of or at least two of not more than 1 .0 mass% of Mo, not nore than 2.0 mass% of 
Cu and not more than 1 .0 mass% of Ni, the balance being Fe and inevitable impurities, wherein a ratio of presence 
of {100} planes parallel with ra;sheet surface to {1 1 1} planes is not less than 1.0. / i 

(6) A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P. not more than 0.03 mass% of S, 0.01 to 

so 1 0,mass% of Al, not more than 0.01 mass% of N. not more than 0.007 mass% of O, the balance being Fe and inev- 
itable impurities, wherein a ratio of presence of {100} planes parallel with a sheet surface to {1 1 1} planes is riot less 
than. 1.0. „: t . 

(7) A thin ferritic steel, sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass%of Si t ,0.01 to2.5 mass%of Mn, not : more than 0.15 mass% of P, not more than 0.03 mass% of S. 0.01 to . 

55 1 .0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb, not more than 0.2 mass% of V, not 
more than 1.0 mass% of Cr and not more than 0.005 mass% of B, the balance being Fe and inevitable impurities, 
wherein a ratio of presence of {1 00} planes parallel with a sheet surface to {111} planes is not less than 1 .0. 
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(8) A thin ferritic steel sheet having an excellent shape fixability. comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P. not more than 0.03 mass% of S, 0.01 to 
1.0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O. further containing one of or 
at least two of not more than 1 .0 mass% of Mo, not more than 2.0 mass% of Cu and not more than 1 .0 mass% of 
Ni, the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet 
surface to { 1 1 1 } planes is not less than 1.0. 

(9) A thin ferritic steel sheet having an excellent shape fixaibility, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si. 0.01 to 2.5 mass% of Mn, not more than 0.15 rnass% of P, not more than 0.03 mass% of S. 0.01 to 
1 .0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 0.2 mass% of 71, not more than 0.2 mass% of Nb, not more than 0.2 mass% of V, not 
more than 1 .0 mass% of Cr and not more than 0.005 mass% of B, furthermore containing one of or at least two of 
not more than 1 .0 mass% of Mo, not more than 2.0 mass% of Cu and not more than 1 .0 mass% of Ni, the balance 
being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet surface to {1 1 1} 
planes is not less than 1.0. 

(10) A thin ferritic steel sheet having an excellent shape fixability, according to one of items (1) to (9), wherein the 
sheet surface is plated. 

The method of producing a thin ferritic steel sheet having an excellent shape fixability of the present invention 
is described in the following items (1 1) to (18). 

(1 1) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to one of the 
items (1) to (9), comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a 
total rolling reduction of 25% or more in the hot rolling conducted at a temperature range from a temperature not 
higher than 950°C to a temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 
0.2 or less in the hot rolling conducted at a temperature not higher than 950°C; completing the hot rolling at a tem- 
perature not lower than transformation temperature Ar 3 ; cooling the hot-rolled steel strip; and coiling the hot-rolled 
steel strip at a temperature not higher than critical temperature T Q determined by the following expression. 

T Q = -650.4 x C% - 50.6 x Mneq + 894.3 

where 

Mneq = Mn% + 0.5 x Ni% - 1.49 x Si% -1 .05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 13 x 
Al% 

(12) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to item (10), 
comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 
reduction of 25% or more in the hot rolling conducted at temperature range from a temperature not higher than 
950°C to a temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 0.2 or less in 
the hot rolling conducted at a temperature not higher than 950°C; completing the hot rolling at a temperature not 
lower than transformation temperature Ar 3 ; cooling the hot-rolled steel strip; coiling the hot-rolled steel strip at a 
temperature not higher than critical temperature T c determined by the following expression; and plating on the hot- 
rolled steel strip. 

T 0 = -650.4 x C% - 50.6 x Mneq + 894.3 

where 

Mneq = Mn% + 0.5 x Ni% - 1.49 x Si% -1 .05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 13 x 
Al% 

(13) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to one of the 
items (1) to (9), comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a 
total rolling reduction of 25% or more in the hot rolling conducted at a temperature rot higher than transformation 
temperature Ar 3 and a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher 
than the Ar 3 ; cooling the hot-rolled steel strip; and coiling the hot-rolled strip or additionally recovering and recrys- 
tallizing the hot-rolled steel strip. 

(14) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to item (10), 
comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 
reduction of 25% or more in the hot rolling conducted at a temperature not higher than transformation temperature 
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Ar 3 and a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher that the Ar 3 ; 
cooling the hot-rolled steel strip; coiling the hot-rolled steel strip or additionally recovering and recrystallizing the 
hot-rolled steel strip; and plating on the hot-rolled steel strip. 

(15) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to one of the 
s items (1) : to (9), comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a 

total rolling reduction of 25% or more in the hot rolling conducted at a temperature range from a temperature not 
higher than 950°C to a temperature not lower, than transformation temperature Ar 3 and;a coefficient of friction of 
0.2 or less in the hot rolling conducted at a temperature not higher than 950°C. completing the hot rolling at a tem- 
perature not lower than transformation temperature Ar 3 ; cooling the hot-rolled steel strip; coiling the hat-rolled steel 
10 strip at a temperature not higher than critical temperature T Q determined by the following expression; pickling the 
hot-roiled steel strip; conducting cold-rolling on the steel strip at a rolling reduction lower than 80%; heating the 
cold-rolled steel strip in a temperature range from a temperature not lower than 600°C to a temperature lower than 
transformation temperature Ac 3 ; and cooling the steel strip. " . - 

is v: ....... T Q -.-650:4 xC%- 50.6 x Mneq + 894.3 

where-., •« ♦ 

Mneq = . Mn% + 0.5 x Ni% - 1 .49 x Si% - 1 .05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 1 3 x 

20 . .Al% . ; . c .■ "- ;,\.. • • ■ 

(16) A method of producing a thin ferritic steel sheet having an excellent shape fixability according to item (10), 
comprising the steps of: conducting, hot-rolling on a slab of a predetermined composition so that a total rolling 
reduction of.25% or more in the^ hot rolling conducted at a temperature range from a temperature not higher than 

25 950?G to a temperature not lower than transformation temperature. Ar 3 and a coefficient of friction of 0.2 or less in 

th e hot ro l ling conduct is d at a t o mp p ratur e not high e r than 9 50^0; compl e t i ng th e ho t rolli n g at a temperature n ot 

lower^than transformation tenperature Ar 3 ; cooling ttie hot-rolled steel strip; coiling the hot-rolled steel strip at' a « 
temperature not higher than critical temperature T D determined by the following expression; pickling the hot-rolled 
steel strip; conducting cold-rolling on the steel strip at a rolling reduction lower than 80%; heating the cold-roiled- 

30 steel strip in t a temperature. range from a temperature not lower than 600°C to a temperature lower than transform 
mation temperature ^Ac 3 ;qpo!ingthe ; steel strip; and plating on the steel stri^^ 

T 0 = -650.4 xC%- 50.6 x Mneq + 894.3 r- *. : 

35 where ; .. • . ;'. --*•'-. : 

Mneq = Mn% + 0.5 x.Ni% - 1.49 x Si% - 1.05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% +13 x 

Al% ...... 

40 (17) A method of producing a thin ferritic steel sheet having an excellent shape fixability according,to.one of the 
items (1) to (9), comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a 
total rolling reduction of 25% or more in the hot rolling conducted at a temperature not higher than transformation 
temperature Ar 3 and a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher 
than the Ar 3 ; cooling the hot-rolled steel strip; and coiling the hot-rolling steel strtp or. additionally recovering and 

45 recrystallizing the ; hot-roliing steel strip; pickling the hot-rolled steel strip; conducting coidrrolling on the steel strip 
at a rolling reduction lower than 80%; heating the cold-rolled steel strip in a temperature range from a temperature 
not iower than 600 b C to a temperature lower than transformation temperature Ac^; and cooling the steel strip. » . 
(18), A method of producing a thin ferritic steel sheet having an excellent shape fixability according to item (10), 
comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 

so reduction of 25% or more in the hot roUing conducted at a temperature not higher than transformation temperature 
Ar 3 and, a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher than transfor- 
mation temperature Ar 3 ; cooljng the hot-rolled steel strip; and coiling the hot-rolled steel strip or additionally recov- 
ering and recrystallizing the hot-rolled steel strip; pickling the hot-rolled steel strip; conducting cold-rolling on the 
steel strip at .a rolling . reduction lower than 80%; heating the cold-rolled steel strip in a temperature range from a 

55 temperature not lower than 600°C to a temperature iower than transformation temperature Ac 3 ; cooling the steel 
strip; and plating on the steel strip. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a graph showing a relationship between the tensile strength of a cold-rolled steel sheet and the quantity of 
spring-back. 

Fig. 2 is a graph showing a relationship between the ratio {200}/{222} of X-ray diffraction intensity of a cold-roiled 
steel sheet, the tensile strength of 590 MPa, and the quantity of spring-back. 

Fig. 3 is a graph showing a relationship between the tensile strength of a cold-rolled steel sheet and the effect of 
the ratio {200}/{222} of X-ray diffraction intensity having influence on a quantity of spring-back of the cold-rolled 
steel sheet. 

THE MOST PREFERRED EMBODIMENT 

[0013] The fundamental principle of the present invention is that the bending formability of a thin steel sheet is 
greatly enhanced when a ratio of presence of a {100} plane, which is parallel with a face of a thin steel sheet, to a {11 1} 
plane, (i.e., a ratio of the X-ray diffraction intensity) is not less than 1.0. The reason why this ratio of presence is 
restricted is described as follows. 

[0014] First, the reason why the ratio of presence of a {100} plane to a {1 1 1} plane is restricted to be not less than 
1 .0 is that when this ratio is lower than 1 .0. a quantity of spring-back of a thin steel sheet is greatly increased in the proc- 
ess of bending the thin steel sheet. The reason why the quantity of spring-back of a thin steel sheet is greatly decreased 
when this ratio of presence of the crystal plane is not less than 1 .0 is considered to be that plastic deformation in the 
steel sheet is very smoothly conducted in the process of bending. When bending deformation is studied from the view- 
point of crystallography, it seems that when a large number of {100} planes exist in steel, bending deformation can be 
conducted only by a simple slip system. On the other hand, when a large number of {111} planes exist in steel, a plu- 
rality of complicated slip systems act in steel in the process of bending. In other words, it seems that the presence of 
{111} planes is unnecessary for the deformation conducted by bending. Due to the foregoing, it can be understood that 
the bending deformation can be smoothly conducted when a quantity of presence of {100} planes becomes larger than 
that of {1 1 1 } planes and the ratio is increased to a value not less than 1 .0. 

[0015] In this case, the following is important. With respect to all thin steel sheets ranging from a mild steel sheet 
of low strength to a steel sheet of high-strength, when the ratio of presence of a {1 00} plane, which is parallel with a face 
of a thin steel sheet, to a {1 11} plane is not less than 1 .0, the bending formability of the thin steel sheet can be greatly 
enhanced. In other words, the aforementioned ratio is a fundamental material index of the bending formability which 
exceeds the restriction of the level of strength of a thin steel sheet. 

[001 6] The above concept can be applied to all types of thin steel sheets, that is, the type of a thin steel sheet is not 
particularly limited. However, from the viewpoint of practical use, this technique can be applied to all types of steel 
sheets ranging from mild steel sheets to steel sheets of high-strength. Of course, this technique can be applied to both 
hot-rolled steel sheets and cold-rolled steel sheets. 

[001 7] The effect of the present invention can be provided when the ratio of presence of a {1 00} plane, which is par- 
allel with a face of a thin steel sheet, to a {1 1 1} plane is not less than 1 .0. However, in order to provide a more remark- 
able effect, it is preferable that the ratio of presence is not less than 1 .5. 

[0018] Next; the composition system of the thin ferritic steel sheet described in items (2) to (9) will be explained 

below. * • 

[001 9] The composition system of the thin ferritic steel sheet described in items (2) to (9) includes: an ultra-low car- 
bon steel sheet; interstitial free steel sheet in which solution carbon and nitrogen are fixed by Ti and Nb; low carbon 
steel sheet; high-strength steel sheet strengthened by solid solution; high-strength steel sheet strengthened by precip- 
itation; high-strength steel sheet strengthened by a transformed phase or by transformed phases such as martensite, 
pearlite and bainite, etc. ; and high-strength steel sheet in which the above strengthening mechanisms are utilized being 
compounded.- 

[0020] Objects of the composition system of the thin ferritic steel sheet described in item (2) are mainly an ultra-low 
carbon steel sheet, low carbon steel sheet and high-strength steel sheet, the strength of which is enhanced by solid 
solution. Objects of the composition system of the thin ferritic steel sheet described in item (3) are mainly an interstitial 1 
free steel sheet and high-strength steel sheet, the strength of which is enhanced by precipitation; Objects of the com- ; 
position system of a ferritic steel sheet described in item (6) are mainly a hi^h-strehgth steel sheet strengthened by sblid *' 
solution and a high-strength steel sheet strengthened by the transformation microstructure. Objects of the composition' 
system of a ferritic steel sheet described in item (7) are steel sheets in which the high-strength steel sheet strengthened 
by solid solution or the high-strength steel sheet strengthened by the transformation microstructure is combined with 
the precipitation strengthening mechanism. 
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[0021] The reasons why the compositions of thin ferritic steel sheets described in items (2) to (5) are restricted will 
be explained as follows. 

[0022] The reason why the lower limit of C content is set at 0.0001% is that this is the lower limit of C content which 
can be obtained for a practically used steel. When C content exceeds the upper limit of 0.05%, the forrhability is dete- 

5 riorated. Therefore, the upper limit of C content is set at 0.05%. ■". 

[0023] Si and Mn are elements necessary for deoxidation. Therefore, it is necessary for Si and Mn to be respec- 
tively contained at not less than 0.01%. However, the reason why the contents of Si and Mn are respectively set at a 
value not more than 1.0% and a value not more than 2.0% is that the formability is deteriorated when the contents 
exceed the above values. r - ;w , 

io [0024] The contents of P and S are respectively set at a value not more than 0.15% and a value not more than 
0.03%. The upper limits of P and S are respectively set at the above values for preventing the formability from deterio- 
rating..; - ---r • ; t * ■„ .\ ' - .* • **:*- I. i ■ ; : - 
[0025] Al is added for deoxidation at not less.than 0.01%. However, when an excessively large quantity of Al is 
added.rthe formability is deteriorated. Therefore, the upper limit of Al is set at 0.1%. . : -t •. 

is [0026] N and.O are impurities. In order to prevent the deterioration. of the formability, the contents of N and O are 
respectively kept at values not more than 0.01% and 0.007%. 

[0027] - . Ti, Nb^and B, are elementsto improve the material via the mechanisms of fixation of carbon and nitrogen, 
precipitation strengthening and making the particles fine. Therefore, it is preferable that TI; 1Mb and B are respectively 
added to steel at not less than 0.005%; 0.001% and 0.0001%. However, when these elements are excessively added 

20 to steel, the formability is deteriorated. Therefore, the upper limits are respectively set at 0.2%< 0.2% and 0.005%. : 
[0028] In order to ensure the mechanical strength of steel, it is preferable that Mo, .Cu and Ni are added by not less 
than .0.001%;. 0.001%>and 0.001%.- However,. when these elements are excessively added to steel, the formability is 
deteriorated; Therefore, the. upper limits are respectively set at 1.0%, 2.0% and 1.0%. ~ r;i . c- r:: ; 

[0029] • > , The. reasons why the compositions .of thin ferritic steel sheets described in items (6) to (9) are restricted will 

25 be explained as follows., . ; ; r ; i^v.. , jr; - ^vi- V -x^m : ;.- rt .< 

[00 3 0] ; , The -reas o n why th e lo we r li m it of C' content i s -sefc at 0 .05% i s t ha t the l owe r limi t o f C c o n t en t of pract i ca ll y 

used steel is ; used here. When C content exceeds the upper limit of 0.25%; the formability and the weldability are dete- 
riorated. Therefore, the t upper Ijrnit of C content is set at 0.25%.- . : v. *t < •; ; 

[0031] Si and jyin are elements necessary for deoxidation. Therefore, it is necessary for Si and Mri to be respec- ■• 
30 tively contained by .npt less than 0.01%. ;Howeyer, the reason why the contents, of both>Si*ahd Mn are set at a value not 

more.than 2.5% is-that the formabilityJs deteriorated when the contents exceed, the above value: l . ' -i- ; N r.- : 

[0032]* / The contents <A P. and S are; respectively v set at a value not more than 0.15% l and a value not more than 

0.03% r The upper limitepf P and S. are respectively set at the above values to prevent the. formability from deteriorating r 

[0033] t Al is added at not Jess ( than ^ 
35 excessryelyjidded; the surface property of a steel sheet is deteriorated. Therefore, the upper limit is setjaM .0%. * 

[0034] N and 6 are impurities. In order to prevent the deterioration of the formability, the contents of N and O are 

respectively kept at values not more than 0.01% and 0.007%. 

[0035] Ti, Nb, V, Cr and B are elements to improve the material via the mechanisms of fixation of carbon and nitro- 
gen, precipitation strengthening, controlling the structure and facilitating the particles to be fine. Therefore, it is prefer- 
40 able that Ti, Nb, V, Cr and B are respectively added to steel at not less than 0.005%. 0.001%, 0.001%, 0.01% and 
0.0001%. However, when these elements are excessively added to steel, the formability is deteriorated. Therefore, the 
upper limits are respectively set at 0.2%, 0.2%, 0.2%, 1.0% and 0.005%. 

[0036] In order to ensure the mechanical strength of steel, it is preferable that Mo, Cu and Ni are added at not less 
than 0.001%, 0.001% and 0.001% respectively. However, when these elements are excessively added to steel, the 

45 formability is deteriorated. Therefore, the upper limits are respectively set at 1 .0%, 2.0% and 1 .0%. 

[0037]. The type of plating conducted on the ferritic steel sheet described in item (10) is not particularly limited, that 
is, any type of plating such as electroplating, hpt-dip plating and vapor-deposition plating can be applied to the ferritic 
steel sheet described in item (10) and the effert of the present invention can be provided. •> 
[0038] . In, this connection, the steel sheets of the present invention can be applied -to not only bending but also 

so punch-stretch forming and drawing. ./ ^ 

[0039] Next, the method of producing a ferritic steel sheet having a high shape fixability of the present invention will 
be described below. . . . ; ■ : - 

[0040] According to the method of producing a ferritic steel sheet having a high shape fixability of the present inven- 
tion, after steel of the above composition has been cast to a slab, the slab is subjected to the following fundamental 

55 processes. . . 

(1) After the slab has been hot-rolled, the hot strip is coiled at a predetermined temperature. 

(2) After- the slab has been hot-rolled, the hot strip is cooled. Alternatively, after the hot strip has been cooled, it is 
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heat-treated. 

Alternatively, the slab is subjected to the following process. 
(3) After the slab has been hot-rolled as described in item (1 ) or (2), the hot strip is cooled, pickled in an acid bath, 
cold-rolled and annealed. 

s (4) The hot strip obtained by process (1 ) or (2), or the cold strip obtained by process (3) is heat-treated in a hot-dip 

plating line. In this connection, it is possible to add a process for conducting another surface treatment on these 
steel strips. 

[0041] In this case, the reasons why the various conditions are restricted in the method of producing a steel sheet 

io of the present invention will be explained as follows. 

[0042] When hot rolling is completed at a temperature not lower than transformation temperature Ar 3 which is 
determined by the chemical composition of steel, in the case where hot rolling is not conducted in the latter half of hot 
rolling by a rolling reduction of not less than 25% at a temperature not higher than 950°C, it is difficult for the rolled 
austenitic texture to be developed sufficiently. As a result, even when cooling is conducted on the steel strip by all meth- 

is ods, on a face of the finally obtained hot strip, a ratio {200}/{222} of X-ray diffraction intensity on a crystal plane parallel 
with a face of the steel strip can not be increased to a value not less than 1 .0. Therefore, the lower limit of the total rolling 
reduction in hot rolling conducted at a temperature not higher than 950°C is set at 25%. The higher the total rolling 
reduction is in hot rolling conducted at a temperature not higher than 950°C and not lower than transformation temper- 
ature Ar 3 , the sharper the texture that can be formed. When this total rolling reduction exceeds 97.5%, it becomes riec- 

20 essary to excessively increase the rigidity of the hot rolling mill, which is disadvantageous from the economical 
viewpoint. Therefore, it is preferable that the total rolling reduction is not more than 97.5%. 

[0043] In this case, when a coefficient of friction between the hot rolling rolls and the steel strip exceeds 0.2 in the 
hot rolling process conducted in a temperature range from a temperature not higher than 950°C to transformation tem- 
perature Ar 3 , the ratio {200}/{222} of X-ray diffraction intensity sent from the crystal plane parallel with a face of steel 

25 strip close to the surface of the steel strip can not be a value not lower than 1 .0, that is, the shape f ixabilrty of the steel 
sheet is deteriorated. Therefore, the upper limit of the coefficient of friction between the hot rolling roller and the steel 
strip in the process of hot rolling conducted in a temperature range from not higher than 950°C to not lower than trans- 
formation temperature Ar 3 is set at 0.2. It is preferable that this coefficient of friction is low. Especially when the require- 
ment for the shape f ixabtlity is severe, it is preferable that this coefficient of friction is not higher than 0.15. 

30 [0044] In order to succeed the austenitic texture formed in this way by the final structure of the hot steel strip, it is 
necessary to coil the hot steel strip at a temperature not higher than temperature T G defined as follows. Therefore, tem- 
perature T Q determined by the composition of steel is determined to be the upper limit of the coiling temperature. This 
temperature T 0 is therrnodynamically defined as a temperature at which austenrte and ferrite, the composition of which 
is the same as that of austenrte, have the same free energy. Considering effects of components, except C, T G can be 

35 simply calculated by the following expression (1). In this connection, the influence of components not stipulated in the 
present invention is not large and the influence of such components is neglected here. 

T c = -650.4 x C% + B (1) 

40 [0045] In this case, B is determined by the chemical composition (mass %) of steel and defined as follows. 

B = -50.6 x Mneq + 894.3 - - - 

Mneq = Mn% + 0.5 x Ni% - 1.49 x Si% -1.05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 13 x Al% 

45 

[0046] In the case where hot rolling is conducted at a temperature not higher than transformation temperature Ar 3 
determined by the chemical composition of steel, ferrite created before rolling is rolled. As a result, a strong rolling tex- 
ture can be formed. In order to finally change this texture into a texture which is advantageous for enhancing the shape 
f ixability, it is necessary to heat the ferrite again after the hot strip has been coiled in the process of cooling or after the 

so hot strip has been once cooled, so that the ferrite can be recovered and recrystallized. 

[0047] When a total rolling reduction is lower than 25% at a temperature not higher than Ar 3 transformation temper- 
ature, even if the steel strip is coiled at a temperature not lower than the recrystallization temperature and even if the 
steel strip is reheated after cooling so as to be recovered and recrystallized, a ratio {200}/{222} of X-ray diffraction inten- 
sity sent from the crystal plane parallel with a face of the steel sheet cannot be increased to a value not lower than 1.0. 

55 Therefore, the lower limit of the total rolling reduction in hot rolling conducted at a temperature not higher than transfor- 
mation temperature Ar 3 is set at 25%. When a coefficient of friction between the hot rolling roller and the steel strip 
exceeds 0.2 in the hot rolling process, the ratio {200}/{222} of X-ray diffraction intensity sent from the crystal plane par- 
allel with a face of steel strip close to the surface of the steel strip cannot be a value not lower than 1 .0. Therefore, the 
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upper limit of the coefficient of friction between the hot foiling rolls and the steel strip in the process of hot rolling con- 
ducted at a temperature not higher than transformation temperature Ar 3 is set at 0.2. It is preferable that this coefficient 
of friction is low. Especially when the requirement for the shape fixability is severe, it is preferable that this coefficient of 
friction is not higher than 0.15. 

5 [0048] v When the thus obtained hot-rolled steel sheet (or the heat-treated hot-rolled steel sheet) is cold-rolled and 
annealed so as to make a final product of a thin steel sheet, in the case where a total rolling reduction of cold rolling is 
not lower than 80%, on a face of the steel sheet; the texture of which is a cbmmon cold rolling-recrystallization texture, 
a component of {222} planes in the ratio of intensity of integration face of X-ray diffraction on the crystal plane parallel 
with the face of the steel sheet is increased. Therefore, the ratio {200}/{222}, which is the characteristic parameter of 
10 the present invention, becomes lower than 1 .0- Therefore, the upper limit of the total rolling reduction of cold rolling is ■"" 
set at a value lower than 80%. In this connection, in order to enhance the shape fixability of a steel sheet, it is preferable ' 
that the total rolling reduction is restricted to be hot higher than 70%. - . - , . • 

[0049] ?a • \ In the case where a cold-rolled steel sheet, which is cold-rolled at the total rolling reduction described above, 
is annealed; when the annealing temperature is lower than 600°C, the structure existing in the steel sheet in the process 1 
is of cold rolling remains even after^the completion of annealing, and the formabifity is greatly deteriorated. Therefore; the % 
lower limit of the annealing temperature is set at 600°C. On the other hand, when the annealing temperature is exces- 
sively high, the ferritic texture created by recrystallization transforms into austehitic texture and then, the austenitic tex- 
ture becomes random by the' growth of austenite grains. Therefore, the finally obtained ferritic texture also becomes : 
random. Especially when the annealing temperature is not lower than transformation temperature AC3, the finally 
20 obtained ratio pf ; {200}/{222} does not exceed 1.0.: Therefore, the upper limit of the annealing temperature isset at a 
value lower than .transformation temperature AC3: ^ v v ; ; v< ( 

X v?'^\P t- -M*"-r-\* ="-*■ : r> ■ \- !.■: rv . v' - , •:--v^. i - •• . . . ■ „— ••>, 

EXAMPLES- • f-^ , : - ^ - : v.:? .•■ . ;V, ;. < , ;• ■ • . 

■St-V./- . ■ \.., 'i^J.^,;,:--, *..r, ^; ■ 

25 [0050] t 0 Referring to the examples of the present-invention, the technical contents. of the present invention will, be 

exp l ained^belpw. ^ — ; . □ '\: — tt -.. - ■ b ~. — : ; . •_; :: , .,, r — t .... . ;„,,,., ' ; — - 

[0051] - - As the examples, there were provided several types of steel from A to X, the chemical compositions of which 
are shown onHable 1; These types of steel were, cast, into slabs. Immediately after the completion of casting of the slabs 
or afterthe slabs; had. been once cooled to room temperature, they were heated again into; a.temperature range from 
30 900°C to. 130QfCi. After that, the slabs were hotrrolled and finally made into hot-rolled. steel sheets, the thicknesses of- .:. 
which were 1.4, mm,; 3^0 mm and 8.0 ; mm; The.hot-rolled steel sheets; the thicknesses of which were 3.0 mm and 8.0 : X 
mm, were cold-rolled and made to be cold-rolled steel sheets, the thicknesses of which were 1.4 mm. After, that,; the r 
cold-rpjled-steel sheets were annealed in the continuous annealing process,;for example; the cold-rolled steel sheets : 
were continuously: annealed at .700.to 850°C. Test pieces of these coldrrolled steel sheets of 1.4 mnr thickness were 
35 subjected to,a bending test.:jn which thetest pieces were bent by 90°, according to the U-shape-bending test method U ■ 
described on pages 417 to r 41 8 of :"PressTorming Handbook" supervised by Seita Yoshida published by Nikkan Kogyo , : 
Shinbunsha in ,1987, and the shape, fixability was evaluated by a value obtained when 90?;, was subtracted from the 
opening_.angle i; that is-, the ; shape; : fixabllity:was evaluated. by the quantity- of spring-back. . . * :A , ; . , 
[0052]-,? , . ft is commonly said that the lower the yield point and the tensile strength are, the smaller the quantity of the 
40 spring-back becomes. This tendency can be confirmed by Fig. 1 which shows the results of measurement of the quan- 
tities of spring-back of cold-rolled steel sheets which were made by various production methods with respect to chem- 
ical compositions (A, B, D, E, F, H, I, K, L, N, P, R, S and T) shown on Table 1. 

[0053] In this case, the present inventors made investigation into the effects of the texture for the quantities of 
spring-back of the cold-rolled steel sheets. An example of the result is shown in Fig. 2. This is the result of the investi- 

45 gation made into H-shape steel having a strength of about 590 MPa. As can be seen in Fig. 2, the higher the ratio 
{200}/{222J of X-ray diffraction intensity sent from a crystal plane parallel with a face of a steel sheet is, the smaller the 
quantity of spring-back becomes. Especially, when the ratio becomes higher than 1 .0, the effect becomes more remark- 
able. That is, in the present invention, the present inventors discovered that a very fundamental and general relationship 
exists between the texture and the quantity of spring-back. 

so [0054] Fig. 3 is a graph showing a result of classification in which the quantities of spring-back of various cold-rolled 
steel sheets shown in Fig. 1 are classified by the boundary value of 1 .0 of the ratio {200}/{222} of X-ray diffraction inten- 
sity. In Fig. 3. mark • represents a quantity of spring-back relating to a steel sheet, the value {200}/{222} of which is 
lower than 1 .0. and mark O represents a quantity of spring-back relating to a steel sheet, the value {200}/{222} of 
which is not lower than 1.0. As can be seen on this graph, concerning all the cold-rolled steel sheets, when the ratio 

55 {200}/{222} of X-ray diffraction intensity is not lower than 1 .0, the quantities of spring-back become very small irrespec- 
tive of the level of the strength. With respect to the ratio of crystal planes, when the ratio of {100}/{1 1 1} is increased, the 
quantity of sprig-back can be effectively suppressed. 

[0055] On Table 2, there are shown mechanical characteristic values and quantities of spring-back of the hot-rolled 
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steel sheets of 1 .4 mm thickness and cold-rolled steel sheets of 1 .4 mm thickness produced by the above method. On 
Table 3, it is shown whether or not the conditions of producing the steel sheets are in the scope of the present invention. 
On Table 3, the column "Hot rolling temperature 1" represents the following. In the column of "Hot rolling temperature 
1 mark O represents a case in which the hot-rolling is completed at a temperature not lower than transformation tem- 

5 perature Ar 3 . and a total rolling reduction in the hot-rolling conducted in a temperature range from not higher than 950°C 
to not lower than transformation temperature Ar 3 is not less than 25%. On Table 3, in the column of "Hot rolling temper- 
ature 2", mark O represents a case in which the hot-rolling is conducted at a temperature not higher than transforma- 
tion temperature Ar 3 , and a total rolling reduction at a temperature not higher than transformation temperature Ar 3 is 
not less than 25%. In any case, in the column of "Lubrication" on Table 3, mark O represents a case in which the coef- 

10 ficient of friction is not more than 0.2 in the temperature range, and mark X represents a case in which the coefficient 
of friction exceeds 0.2 in the temperature range. In the hot rolling, the coiling temperature was set at a value not higher 
than temperature T Q determined by the above expression (1). In the case where the hot-rolled steel sheet was subjected 
to cold-rolling so as to produce a cold-rolled steel sheet of 1 .4 mm thickness, in the column of "rolling reduction of cold- 
rolling" on Table 3, mark X represents a case in which the rolling reduction of cold-rolling is not less than 80%, and mark 

is O represents a case in which the rolling reduction of cold-rolling is lower than 80%. On Table 3, in the column of 
"Annealing temperature", mark O represents a case in which the annealing temperature is in a temperature range 
from a temperature not lower than 600°C to a temperature lower than transformation temperature AC 3 , and mark X rep- 
resents a case except for that. In this connection, items having no relation to the producing conditions are represented 
by mark X. 

20 [0056] Concerning the measurement made by X-ray, a sample was machined on a face parallel with a face of a 
steel sheet at a position of 1/4 of the thickness, and thus obtained measurement value was used as a central value.* In 
this connection, in order to provide the substantially the same mechanical property as that of the cold-rolled sheet to 
the hot-rolled steel sheet, several hot-rolled steel sheets (H, J, K, R, U, V, W and X) were additionally heat-treated for a 
short period of time at 700 to 850°C t and then the cooling condition was controlled. 

25 [0057] In all the types of steel shown on Table 2, the types of steel, to which the numbers of "-2" and "-3" are 
attached, are of the present invention. When the types of steel, to which the numbers of "-2" and "-3" are attached, are 
compared with the types of steel, to which the numbers of "-1 " and "-4" are attached, which are not of the present inven- 
tion, the quantities of spring-back in the types of steel of the present invention, the ratio {200}/{222} of X-ray diffraction 
intensity of which is not lower than 1.0, are smaller than the quantities of spring-back in the types of steel out of the 

30 present invention, the ratio {200}/{222} of X-ray diffraction intensity of which is lower than 1.0. That is, when the ratio 
{200}/{222} of X-ray diffraction intensity is not lower than 1.0, it is possible to accomplish the excellent shape fixabiiity 
of a thin steel sheet 

[0058] The mechanism by which the shape fixabiiity can be enhanced in bending when the ratio {200}/{222} of X- 
ray diffraction intensity is high is not clear at present. However, the cause is considered to be as follows. When this ratio 

35 {200}/{222} is high, the ratio of {100}/{1 1 1} is high. This means that the bending deformation proceeds by a relatively 
simple slip on {100} planes which are parallel with a face of a steel sheet. On the other hand, the bending deformation 
proceeds by a complicated action, in which a plurality of slip systems are entangled with each other, on {1 1 1} planes. 
That is, the cause can be understood as follows. When the ratio {100}/{1 1 1} is increased, it is possible to make the slip 
proceed easily in the process of bending deformation. As a result, the quantity of spring-back can be decreased in the 

40 process of bending deformation. 


50 


10 


Best Available Copy 


EP1 026 278 A1 


10 


15 


20 


25 


o r- 
na rsi 
o o 
O O 


o o 


I 1 


i r. 


in 
o 


vo m 
m in 


in o 
cm rM 
o o 
o o 


o o 


I I 


I I 


so m in 
v m 
o o o 
o o o 


o o o 


1 I I 


I... I I 


I i i 


vo in r«- a> o 
m m nj 
o o o o o 
o o o o o 


o o o o o 


I I ^ t I 


I 1 I I I 


i i i i t 


CD 

m 

i i o i o 


to op cQ in 


o o 
o o 


I I 


V VO CD 

n f*i r*> 
o o o 
o o o 


© © © 

tn in 
O © 
o © 
o o 

o o 


1 I I 


II I 


cm — i in cd r- 
cm r*i cm r*i ro en 
o © o o o o o 
O o o o o o o 


o o © © © © © 


II I I I II 


m m o 
<n<Nn 


o o o 


It I I I I 


111(111 


CM 
I .© I 


a\ g\ ^t -cm m 


o O 

t 

icv 


JQ 


30 


35 


40 


45 


m m? 
o o 
© o 

© o 


fl''. 

CM so 


CM CO 
CM 


CM 

o o 


© © 
n t-« 

— I r- t 

o.o 
o o 


©-© 
o.o 


p o < 
O O i 

m i 
—i « 

O O I 

o o < 


VO H 

CM r-* 

© © © 


m in vo 

^ l> GO 


CO CM CM 


. o 
o 

I vo 

I- —I 

• o 
» o 


O I 

© < 


1 r) n o> ir> 
> © © ^a* © < 


o o o o- o o o 


i 

en 


CM «— • VtfltN 
-H ^ ^ O O < 
O O O O © < 

- h . •--*• 
©;©©©©< 


i to 
' o 
• O 


tn O O O On 
HH CM N H 

o © o o o 


in h m ©od 
vo o HMin 


— » CM CM CM CM 


CM M» ^ ON CTk 

o m \o cm tn 


vo o\ 


o o 

co m 
o o 

CM CM 


tn in co 

VO > CD 


inno 
in co cd 


H CN H 

o o o 


CN H'H'ri O'O 

o.'o o o o o o 


n cn ui in m in in 
m © m m © o 

• -• • ■ .. • - • 

■-Vol »-l i-i t-l I «H[ 


cm tn »— i tn co cm < 
CM cm "cm o *<r rn ' 


o m 

CM CM 

© © 
© o 

bo 


CM 

en cm 
o o 


VOOVH 
CO GO ON 

o o o 


o o o o o 


m to cn in m 
\o h n in vd 


o o o o o 


r~ cn 

CM ^ 
O O 

O O 


vo — • 
cm cn CM 
O O 
O © 

oo o 


o o o o o o o 


50 


CL *; a> 

C-i o W 


< 23 


55 


11 


JNSDOCID: <EP 


EP 1 026 278 A1 
Table 2 


of 
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CAUOO of 

vHcot 

fen-jcence ol 

VOU CJL dual 

Wt 

troacoent 

f Mecnanxeal chexeeteriatxc velue 
C1.40 wm) 

Quantity oi 
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* Classification of 
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ri.eli 
poin 

(MP*] 

t Tensile 
c etrenexl 

IMPa) 

s don 
<%1 

- ftotio of 
X-ray 

dirfraetloo 
intensity 


A-l 

" Cold roll 
Celd roll 
Hoc roll 
Bot roll 

He 

15 S 
165 
163 
KO 

230 
. 260 
275 
285 

56 
53 
52 
53 

0.03 
2.^2 
4.16 
0.95 

6.5 
3.4 
3.0 
6.3 

Out or proMnt invention 
Present inv^tion 
Present Invention 

C-l 

Cold roll 
Cold roll 
oov roil 
■oc roll 

Ho 
Vo 

205 
195 

aos 

205 

335 
330 
335 
330 

45 
42 
42 

44 

0.43 
4.43 
5.38 
0.49 

8.5 

4.9 

5.2 
B.O 

Of prcMBt invent! en 
Present invention 
Bxosont Indention 
Out of present inwition 

D-l 

Cold roll 
Cold roll 
Rot roll 
Bot roll 

Po 

L Ho 

195 
IBS 
200 
195 

330 
325 
33S 
330 

43 
43 

43 

45 

0.36 
3.93 

6 .as 

0.77 

8.4 

5.0 
3.3 
7.9 

Out of present: invention 
rreacnt invention 
Present invent! on 
Out of" ore a en t inwrion 
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INDUSTRIAL APPLICABILITY 

[0059] As described in detail before, when the texture of a thin steel sheet is controlled, the bending formability i 
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remarkably enhanced. According to the present invention, it is possible to provide a thin steel sheet having an excellent 
shape fixability in which a quantity of spring-back is small so that the thin steel sheet of the present invention can be 
applied to the forming in which the bending is mainly conducted. According to the present invention, it has become pos- 
sible to apply a high-strength steel sheet to parts^of ain automobile to which it used to be difficult to apply the high- 
5 strength steel sheet because of the occurrence of a defective shape caused by spring-back. At present, in order to 
decrease the weight of an automobile, it is necessary to use a high-strength steel sheet for manufacturing the automo- 
bile. In these circumstances, when the high-strength steel sheet having an excellent shape fixability, in which the quan- 
tity of spring-back is very small, is applied to parts of an automobile, the weight of the automobile can be decreased. 
Therefore, the present invention can provide a very useful industrial effect 

10 

Claims 

1 . A thin ferritic steel sheet having an excellent shape fixability characterized in that a ratio of presence of {1 00} planes 
parallel with a sheet surface to {1 1 1} planes is not less than 1 .0. 

75 

2. A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C, 0.01 to 1.0 
mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not mote than 0.03 mass% of S, 0.01 to 
0.1 mass% of Al. not more than 0.01 mass% of N, not more than 0.007 mass% of O, the balance being Fe and inev- 
itable impurities, wherein a ratio of presence of {100} planes parallel with a sheet surface to {111} planes is not less 

20 than 1.0. 

« 

3. A thin ferritic steel sheet haying an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C, 0.01 to 1.0 
mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 to 
0.1 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of or 

25 at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb and not more than 0.005 mass% of 
B, the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet 
surface to {1 1 1} planes is not less than i.0. 

4. A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C, 0.01 to 1 .0 
30 mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S f 0.01 to 

0.1 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 1 .0 mass% of Mo, not more than 2.0 mass% of Cu and not more than 1 .0 mass% of 
Ni. the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet 
surface to {1 1 1 } planes is not less than 1 .0. 

35 

5. A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.0001 to 0.05 mass% of C f 0.01 to 1 .0 
mass% of Si, 0.01 to 2.0 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 to 
0.1 mass% of Al, not more than 0.01 mass% of N f not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 0.2 mass% of 71, not more than 0.2 mass% of Nb and not more than 0.005 mass% of 
B, furthermore containing one of or at least two of not more than 1.0 mass% of Mo, not more than 2.0 mass% of 
Cu and not more than 1 .0 mass% of Ni, the balance being Fe and inevitable impurities, wherein a ratio of presence 
of {100} planes parallel with a sheet surface to {1 1 1} planes is not less than 1.0. 

A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 to 
1 .0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O. the balance being Fe and inev- 
itable impurities, wherein a ratio of presence of {1 00} planes parallel with a sheet surface to face {111} planes is not 
less than 1.0. 

A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 to 
1 .0 mass% of Al, not more than 0.01 inass% of N, not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb, not more than 0.2 mass% of V. not 
more Than 1.0 mass% of Cr and not more than 0.005 mass% of B, the balance being Fe and inevitable impurities, 
wherein a ratio of presence of {100} planes parallel with a sheet surface to {111} planes is not less than 1.0. 

A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P, not more than 0 03 mass% of S, 0.01 to 
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1.0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O, further containing one of or 
at least two of not more than 1.0 mass% of Mo, not more than 2.0 mass% of Cu and not more than 1 .0 mass% of 
Ni, the balance being Fe and inevitable impurities, wherein a ratio of presence of {100} planes parallel with a sheet 
surface to {1 1 1} planes is not less than 1.0. 

9. A thin ferritic steel sheet having an excellent shape fixability, comprising: 0.05 to 0.25 mass% of C, 0.01 to 2.5 
mass% of Si, 0.01 to 2.5 mass% of Mn, not more than 0.15 mass% of P, not more than 0.03 mass% of S, 0.01 to 
1 .0 mass% of Al, not more than 0.01 mass% of N, not more than 0.007 mass% of O/ further containing one or or 
at least two of not more than 0.2 mass% of Ti, not more than 0.2 mass% of Nb, not more than 0.2 mass% of V. not 
w more than 1 .0 mass% of Cr and not more than 0.005 mass% of B, furthermore containing one of or at least two of 
not more than 1 .0 mass% of Mo; not more than 2.0 mass% of Cu and not more than 1 .0 mass% of Ni, the balance 
being Fe and inevitable impurities, wherein a ratio of presence of {1 00} planes parallel with a sheet surface to {1 1 1 } 
planes is not less than 1.0. , 

is 10. A thin ferritic steel sheet having an excellent shape fixability according to one of claims 1 to 9, wherein the sheet 
surface is plated. 

1 1 . A method of producing a thin ferritic steel sheet having an excellent shape fixability according to one of claims 1 to 
9, comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 

20 reduction of 25% or more in the hot rolling conducted at a temperature range from ra temperature not higher than 
950°C to a temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 0.2 or less in 
the hot rolling conducted at a temperature not higher than 950°C; completing the hot rolling at a temperature not 
lowerthan transformation temperature Ar 3 ; cooling the hot-rolled steel strip; and coiling the hot-rolled steel strip at 
a temperature not higher than critical temperature T c determined by the following expression. . .. * i - » v 

... ' v . ■ T 0 = -650.4 x C% - 50. 6 x Mneq + 8 94. 3 ■ l_L_j • : - 

where ; ■ ■■ : ' ••" " ' ' ' • ■ •:• >* *• ••. >•■ ■ •• - . 

30 Mneq - , Mn% + 0.5 x Ni% - 1.49 x JSi% -1 .05 x Mo% - 0.44 x W% + 0.37 x Cr%;+. 0.67 x Cu% - 23 x P%.+ 13 x > 

Al%, . ~- ' ' • ■ V.;-'. -r \. ' - 

1 2. A method of producing a thin ferritic steel sheet having an excellent shape fixability according to claim 1 0, compris- 
ing the steps of: conducting hot-rolling on a.slab.of a predetermined composition so that a total rolling reduction of 

35 25% or more in the hot rolling conducted at a temperature range from a temperature not higher than 950°C to a 
temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 0.2 or less in the hot roll- 
ing conducted at a temperature not higher than 950°C; completing the hot rolling at a temperature not lower than 
transformation temperature Ar 3 ; cooling the hot-rolled steel strip; coiling the hot-rolled steel strip at a temperature 
not higher than critical temperature T 0 determined by the following expression; and plating on the hot-rolled steel 

40 strip. 

T 0 = -650.4 x C% - 50.6 x Mneq + 894.3 

where 

Mneq = Mn% + 0.5 x Ni% - 1 .49 x Si% -1 .05 x Mo% - 0.44 x W% + Q.37.x Cr% +. 0.67 x Cu% - 23 x P% + 13 x 

\ . : Al% . . 

A method of producing a thin ferritic steel sheet having an excellent shape fixability according to one of claims 1 to 
9, comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 
reduction of 25% or more in the hot rolling , conducted at a temperature not higher than transformation temperature 
Ar 3 and a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher than the Ar 3 ; 
cooling the hot-rolled steel strip; and coiling the hot-rolled strip or additionally recovering and recrystallizing the hot- 
rolled steel strip. « ? 

A method of producing a thin ferritic steel sheet having an excellent shape f ixability according to claim 10, compris- 
ing the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling reduction of 
25% or more in the hot rolling conducted at a temperature not higher than transformation temperature Ar 3 : and a 
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15 


20 


coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher than the Ar 3 ; cooling the 
hot-rolled steel strip; coiling the hot-rolled steel strip or additionally recovering and recrystallizing the hot-rolled 
steel strip; and plating on the hot-rolled steel strip. 

15. A method of producing a thin ferritic steel sheet having an excellent shape fixabilrty according to one of claims 1 to 
9, comprising the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling 
reduction of 25% or more in the hot rolling conducted at a temperature range from a temperature not higher than 
950°C to a temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 0.2 or less in 
the hot roiling conducted at a temperature not higher than 950°C; completing the hot rolling at a temperature not 
lower than transformation temperature Ar 3 ; cooling the hot-rolled steel strip; coiling the hot-rolled steel strip at a 
temperature not higher than critical temperature T 0 determined by the following expression; pickling the hot-rolled 
steel strip; conducting cold-rolling on the steel strip at a rolling reduction lower than 80%; heating the cold-rolled 
steel strip in a temperature range from a temperature not lower than 600°C to a temperature lower than transfor- 
mation temperature Ac 3 ; and cooling the steel strip. 

T Q = -650.4 x C% - 50.6 x Mneq + 894.3 

where 

Mneq = Mn% + 0.5 x Ni% - 1 .49 x Si% - 1 .05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 1 3 x 
Al% 


30 


1 6. A method of producing a thin ferritic steel sheet having an excellent shape f ixability according to item 1 0, compris- 
ing the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling reduction of 

25 25% or more in the hot rolling conducted at a temperature range from a temperature not higher than 950°C to a 
temperature not lower than transformation temperature Ar 3 and a coefficient of friction of 0.2 or less in the hot roll- 
ing conducted at a temperature not higher than 950°C; completing the hot rolling at a temperature not lower than 
transformation temperature Ar 3 ; cooling the hot-rolled steel strip; coiling the hot-rolled steel strip at a temperature 
not higher than critical temperature T 0 determined by the following expression; pickling the hot-rolled steel strip; 
conducting cold-roiling on the steel strip at a rolling reduction lower than 80%; heating the cold-rolled steel strip in 
a temperature range from a temperature not lower than 600°C to a temperature lower than transformation temper- 
ature Ac^ cooling the steel strip; and plating on the steel strip. 

T Q = -650.4 x C% - 50.6 x Mneq + 894.3 

where 

Mneq = Mn% + 0.5 x Ni% - 1.49 x Si% - 1 .05 x Mo% - 0.44 x W% + 0.37 x Cr% + 0.67 x Cu% - 23 x P% + 13 x 
Al% 

17. A method of producing a thin ferritic steel sheet having an excellent shape f ixability according to one of claims 1 to 
9, comprising the steps of: conducting hot-rolling, on a slab of a predetermined composition so that a total rolling 
reduction of 25% or more in the hot rolling conducted at a temperature not higher than transformation temperature 
Ar 3 and a coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature not higher than the Ar 3 ; 
cooling the hot-roiled steel strip; and coiling the hot-rolled steel strip or additionally recovering and recrystallizing 
the hot-rolled steel strip; pickling the hot-rolled steel strip; conducting cold-rolling on the steel strip at a rolling 
reduction lower than 80%; heating the cold-rolled steel strip in a temperature range from a temperature not lower 
than 600°C to a temperature lower than transformation temperature Ac 3 ; and cooling the steel strip. 

so 1 8. A method of producing a thin ferrite steel sheet having an excellent shape f ixability according to claim 1 0, compris- 
ing the steps of: conducting hot-rolling on a slab of a predetermined composition so that a total rolling reduction of 
25% or more in the hot rolling conducted at a temperature not higher than transformtion temperature Ar 3 and a 
coefficient of friction of 0.2 or less in the hot rolling conducted at a temperature riot higher than transformation tem- 
perature Ar 3 ; cooling the hot-rolled steel strip; and coiling the hot-rolled steel strip or additionally recovering and 

55 recrystallizing the hot-rolled steel strip; pickling the hot-rolled steel strip; conducting cold-rolling on the steel strip at 
a rolling reduction lower than 80%; heating the cold-rolled steel strip in a temperature range from a temperature not 
lower than 6O0°C to a temperature lower than transformation temperature Ac 3 ; cooling the steel strip; and plating 
on the steel strip. < 1 
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